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1. Introduction

The yellow clam Amarilladesma mactroides (Reeve, 
1854) is naturally found in the intertidal zones of sandy 
beaches from southern Brazil to the north coast of Argentina 
(Bergonci and Thome, 2008; Herrmann  et  al.,  2009; 
Carvalho  et  al.,  2015). In these environments, it is 
usually the bivalve mollusc with the highest biomass 
(McLachlan, 2018). Due to the high abundance, A. mactroides 
has been harvested over practically its entire range of 
distribution to be used as bait for sport fishing or, more 

importantly, for human consumption (Coscarón,  1959; 
Defeo  et  al.,  1989). Unfortunately, overfishing has 
caused many populations to collapse (Defeo et al., 1989; 
Herrmann et al., 2009). Also, mass mortality events have 
significantly affected populations (Santos  et  al.,  2016; 
Vazquez et al., 2016).

As a result of lower abundances, Cledón and Nuñez 
(2010) and Santos et al. (2020) recommended that young 
specimens of the yellow clam should be produced in 
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2.2. Field campaigns and management of clams

The collection of wild A. mactroides is registered in 
the National System of Genetic Resource Management 
and Associated Traditional Knowledge (SisGen) under 
no. AF0355A. Four campaigns were carried out. The first 
two were in December 2018 and February 2019 on 
the beach of Cassino (32°13’42.2”S 52°12’05.8”W), Rio 
Grande, RS. The other two were conducted in March and 
September 2019 on the beach of Mar Grosso (31°59’20.0”S 
51°55’22.1”W) in the municipality of São José do Norte, 
RS, Brazil. In all of them, water temperature and salinity 
were measured in situ with a thermometer and an optical 
refractometer, respectively (Table 1). Clams were collected 
from the intertidal zones with the help of flat shovels and, 
to minimize stress, they were transported to the laboratory 
by truck in thermal boxes with no water. The transport 
had a maximum duration of 90 min.

Upon arrival at the laboratory, clams with broken valves, 
epibionts, parasites and siphons or feet with no movement 
were discarded. The selected individuals were blotted dry 
and the total length (L), total height (H) of the shell, and 
the wet (W) and dry weights (DW) were measured. L and 
H were measured with a manual caliper with a precision 
of 0.01 mm (Vonder, Curitiba, Brazil), and individuals with 
L less than 50 mm were also discarded. The wet weight 
was obtained with an electronic scale with a precision of 
0.01 g (Marte Científica, São Paulo, Brazil). The initial and 
final DW were determined according to Helm et al. (2004). 
Additionally, the condition factor (CF) was determined 
at the beginning (CFi) and at the end (CFf) of each trial 
according to Froese (2006):

  3
WCF x100
L

= 	 (1)

where: W = total wet weight (g) and L = total length (cm).
After the measurements were taken, the clams were 

transferred to the EUs in the maintenance tank. According to 
the environmental conditions measured at the time of 
clam collection, the temperature and salinity of the water 

captivity, thereby allowing feasibility studies to be 
carried out to restore the population stock in the natural 
environment. The availability of hatchery-reared juveniles, 
commonly called “seeds”, would also open the possibility 
of producing this species in extensive aquaculture 
systems or farming them integrated with existing fish or 
shrimp culture systems. In the last decades, aquaculture 
has been responsible for most of the world production 
of molluscs, which increased from 1 million tonnes in 
1950 to 17.7  million in 2018 (FAO, 2020). However, a 
significant part of this production relies on the capture of 
juveniles in their natural environment (Helm et al., 2004; 
Wisjman et al., 2019). Hence, the control and manipulation 
of bivalve reproductive cycles and the consequent 
production of juveniles in the laboratory will result in 
a greater availability of bivalve seeds (Gosling, 2015). 
Therefore, this study aimed to develop an experimental 
culture system and management practices that allow 
the maintenance of yellow clam as a starting point for 
studies on reproduction under laboratory conditions. 
Additionally, a marking method has been validated for 
this species.

2. Materials and Methods

2.1. Experimental system

An oval tank filled with 500 L of filtered (1  µm), 
chlorinated/dechlorinated seawater was used as a 
maintenance tank for the clams. A 1 HP chiller (Gelaqua, 
Águas Mornas, Brazil) was used to maintain the temperature 
at 20 °C. A submerged pump (Sarlo SB 2700; São Caetano 
do Sul, Brazil) kept the water circulating between the 
chiller and the maintenance tank (2,740 L.h-1). Two air 
stones were introduced into the tank.

As A. mactroides has the habit of remaining buried 
in a sandy sediment (Coscarón, 1959), it was necessary 
to develop an experimental unit (EU) that had a layer of 
sand to allow the clams to bury themselves. The EU was 
built with a 150 mm diameter weldable PVC pipe and 
coupling (Figure 1) and placed directly on the bottom 
of the tank. To retain the sand layer and allow water to 
pass through, a 200 µm mesh was placed 10 cm from the 
bottom using the PVC coupling. The sand was obtained in 
the intertidal zone of Cassino beach, Rio Grande, RS, Brazil. 
It was thoroughly washed with tap water and sterilized 
with sodium hypochlorite at a concentration of 12 ppm 
for 24 h before use. The chlorine was then removed using 
vitamin C in a concentration of 0.03g.L-1. An airlift was 
attached to the side wall of the EU to pump water from the 
bottom of the tank and allow the permanent circulation 
of water through the sand layer in a top-down direction, 
commonly referred to as ‘downwelling’, performing the 
oxygenation of the sand layer. The lower portion of the 
PVC pipe had four circular holes that allowed the passage 
of water. Smaller holes were also made in the upper part 
of the pipe, specifically at the height of the tank’s water 
line, to drain any excess water pumped by the airlift. 
This model had a total height of 40  cm and a useable 
volume of 7 L.

Figure 1. Experimental unit model built with a 150 mm PVC pipe and 
coupling, used in the maintenance of yellow clam (Amarilladesma 
mactroides) broodstock in the laboratory.
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the 14 days of the pre-trial duration. These clams had 
no access to the sandy sediment and, therefore, without 
the possibility of burying, they remained in a horizontal 
position in relation to the bottom of the tank.

An average concentration of 6.5 x 104 cells.mL-1 of the 
microalgae Isochrysis galbana and Chaetoceros muelleri 
was kept in the maintenance tank by daily counting with 
Neubauer chambers. Daily means (± SD) of temperature, 
salinity and dissolved oxygen concentration were 21.9 °C 
(± 1.1), 31.3 (± 0.9) and 7.86 (± 0.19) mg.L-1 respectively. 
Any dead clams were immediately removed from the 
system. The absence of movement of the feet and siphons 
was considered as mortality criteria. After 14 days, clams 
were dug up, measured (L, H and W) and the sediment 
was observed for dark spots.

2.4. Preliminary trial 2: validation of tagging methodology

To individualize clams and thus make it possible 
to estimate growth during the maintenance period in 
the laboratory, different tagging methods, based on 
Lemarié et al. (2000) and Hartmann et al. (2016), were 
tested. As in the previous trial, clams were selected from a 
batch caught at Cassino beach, Rio Grande, Brazil (Table 1). 
The clam shells were initially marked with different inks 
(permanent ink marker for projectors - Pilot, São Paulo, 
Brazil; permanent ink marker for CD/DVD - Faber-Castell, 
São Paulo, Brazil; and red nail polish – Risqué, Goiânia, 

were gradually adjusted to 20 °C and 30-35, respectively, 
being maintained in these ranges as much as possible.

The water quality was monitored during the 
experimental periods. The dissolved oxygen concentration, 
temperature, salinity and pH were measured daily at 
08:00 AM with an OxyGuard oximeter (Farum, Denmark), 
a mercury thermometer, ATAGO manual refractometer 
(Tokyo, Japan) and a Mettler Toledo bench pH meter 
(Barueri, Brazil), respectively. The concentrations of total 
ammonia and nitrite were also checked daily, while the 
concentration of nitrate and alkalinity were checked once 
a week, according to UNESCO (1983), AOAC (1990) and 
APHA (1998), respectively.

2.3. Preliminary trial 1: adaptation to the experimental 
system and management

The adaptation of clams was assessed by means of 
the survival rate and by observing the consumption of 
microalgae and the occurrence of feces, and, at the end 
of the trial, by the presence of dark spots in the sediment, 
which could indicate low concentrations of dissolved 
oxygen. Clams selected from a batch collected at Cassino 
beach, Rio Grande, RS, Brazil (Table 1), were stocked in two 
EUs placed in the maintenance tank. Each EU received 5 
clams, which positioned themselves vertically in relation 
to the bottom. Six individuals of similar size were kept 
directly on the bottom of the maintenance tank over 

Table 1. Date (YYYY-MM-DD) and location of collection, temperature (°C) and salinity at the time of sampling, and mean (± SD) initial 
and final total length (Li and Lf; mm), initial and final height (Hi and Hf; mm), initial and final wet weight (Wi and Wf; g), initial and 
final dry weight (DWi and DWf; g), initial and final condition factor (CFi and CFf) and survival rate (%) of yellow clam (Amarilladesma 
mactroides) collected at the beaches of Cassino, Rio Grande, RS and Mar Grosso, São José do Norte, RS, Brazil, and maintained in the 
laboratory for 14 days in the preliminary trial and in trials I, II and III (n = 40, 60, 60 and 72, respectively).

Pre-trial 1 Trial I Trial II Trial III

Date 2018-12-21 2019-02-15 2019-03-14 2019-09-19

Location Cassino Cassino Mar Grosso Mar Grosso

Temperature 22.0 23.0 24.0 18.0

Salinity 30 32 28 24

Li 51.10 ± 1.62 53.10 ± 1.93Ca 62.30 ± 2.51Aa 56.87 ± 2.68Ba

Lf 54.30 ± 1.90 53.23 ± 1.73Ca 62.45 ± 2.71Aa 57.01 ± 2.79Ba

Hi 29.10 ± 1.90 28.57 ± 0.02Cb 33.25 ± 0.02Aa 30.27 ± 0.03Bb

Hf 31.20 ± 0.80 28.84 ± 1.03Ca 33.35 ± 1.04Aa 30.61 ± 1.00Ba

Wi 11.36 ± 1.62 12.44 ± 1.12Ca 19.77 ± 1.14Ab 13.74 ± 1.19Bb

Wf 13.67 ± 1.18 12.56 ± 1.44Ca 21.31 ± 3.02Aa 16.37 ± 2.71Ba

DWi n.d. n.d. 8.87 ± 0.92A 5.24 ± 0.47B

DWf n.d. 5.03 ± 0.15C 7.81 ± 0.13A 6.05 ± 0.17B

CFi n.d. 8.34 ± 0.66ABa 8.36 ± 0.63Ab 7.97 ± 0.76Cb

CFf n.d. 8.31 ± 0.58Ba 8.73 ± 0.87ABa 8.86 ± 0.86Aa

Survival 100/16.6 88.3 71.8 76.6

n.d. = not determined. Uppercase letters indicate significant differences between trials, while lowercase letters show significant differences 
between initial and final parameters in the same trial.
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cut and placed in labelled cassettes. The samples were 
processed in a Leica TP1020 automatic processor (Wetzlar, 
Germany) with inclusion in Paraplast. After embedding, 
the blocks of tissue were sectioned at 5 µ with a Leica RM 
2245  microtome (Wetzlar, Germany) and stained with 
hematoxylin-eosin. The histological slides were examined 
using the Zeiss Primo Star optical microscope (Oberkochen, 
Germany) equipped with an AxioVision 4.8.2 camera and 
software, and images were obtained. The gonads were 
classified according to Masello (1987) and Herrmann et al. 
(2009). Larger and smaller diameters of the oocytes (DM and 
dm) were measured using the ImageJ software (National 
Institutes of Health, Bethesda, USA) and analyzed at the 
beginning and the end of the trials.

Additionally, the immunological condition of clams 
was estimated based on Santos et al. (2016). For this, the 
hemolymph samples were withdrawn by puncturing the 
pericardial cavity and smear slides were mounted, fixed 
in methanol for 10 min in a refrigerator and then stained 
with Giemsa for 20 min. Observations of the feeding and 
behavior of clams were carried out at random intervals 
throughout the different trials

2.7. Statistical analyses

The data was tested for the necessary assumptions 
(Normality, independence and homoscedasticity) for 
the application of one-way analysis of variance (ANOVA). 
The analyses were verified using Levene and Shapiro-Wilk 
or Levene and Kolgomorov-Smirnov tests. When the 
assumptions were not met, the arcsine of the square root 
(x) or log(x) was performed. The occurrence of significant 
differences between trials was initially verified through 
post-hoc Tukey HSD (initial parameters) or unequal Tukey 
(final parameters). All statistical analyses were evaluated 
at a p<0.05 significance level.

The comparisons of Li, Wi, Hi and Hf, and the final CF 
between trials was verified using one-way ANOVA. The 
initial CF and the Lf and Wf were tested using the non-
parametric ANOVA and Kruskal Wallis test. The DWi of 
individuals in trials II and III was compared using the 
t-Student test, while the DWf was compared by one-
way ANOVA. Differences in survival between trials were 
assessed using the Chi-square test. The means of Li, Lf, 
Wi, Wf, Hi, Hf, CFi and CFf within trials were compared 
using the paired t-Student test. Oocyte larger and smaller 
diameters (DM and dm) between trials were analyzed using 
the t-Student test, while differences between DM or dm 
in the same trial were analyzed using one-way ANOVA.

3. Results

3.1. Preliminary trial 1: adaptation to the experimental system

The means (± SD) of L, H and W of clams at the 
beginning and at the end of preliminary trial 1 can be seen 
in Table 1. Judging by the need to add more microalgae to 
the maintenance tank daily, in addition to the visualization 
of feces being expelled through the holes in the sediment, 
the clams actively consumed microalgae. When clams 

Brazil) and a thin layer of a quick-hardening adhesive on 
top (Araldite Hobby® 10 min, resin-based epoxy, Tekbond, 
Brazil; or ScotchBond®, cyanoacrilate-based instantaneous 
glue, 3M, Brazil) in combination or not. The use of numbered 
plastic labels glued to the shells with ScotchBond® or 
Araldite was also tested. In the case of the use of Araldite 
or ScotchBond®, after the shells were marked with ink, 
the cover was applied and left for 10 min to dry before 
transferring the clams to the EU.

Seven clams were tagged and kept in each EU with no 
feeding. The water in the maintenance tank was completely 
renewed every day. After 2, 4, 7 and 10 days, clams were 
removed from the EU to check the integrity of the tags. In 
cases when the tag had disappeared or it was ineligible, 
a new type of tag was tested. In some cases, the same 
individual was used to test two different types of tagging.

2.5. Validation of the maintenance system

Three trials (named I, II and III), each with a duration 
of 14 days, were carried out to further validate the 
maintenance system. After capture, selection, measurement 
and tagging, the clams were transferred to ten EUs 
installed in the maintenance tank. In trials I and II, the 
stocking density was 6 clams per EU and the daily water 
renewal of the maintenance tank was 20%, while in trial 
III, 7 to 8 individuals were stocked in the EUs and daily 
water renewal was 100%. The environmental conditions, 
the monitoring of the water quality variables and the 
management routine were the same as previously described 
unless stated otherwise.

For trial I, two microalgae (I. galbana and C. muelleri, 
in the proportion of 70 and 30%, respectively) were 
maintained in the maintenance tank at a concentration 
of 15 x 104 cells.mL-1. In trials II and III, C. muelleri was 
kept at a concentration of 10 x 104 cells. mL-1. In all trials, 
microalgae were offered in the exponential growth stage 
of the population. To maintain a constant availability of 
microalgae, the concentration was monitored twice a 
day and, if necessary, more microalgae were added to 
the maintenance tank to maintain the established density 
and proportion. The daily consumption of microalgae 
per clam (C; cells.mL-1.clam) was estimated using the 
following formula:

TCm TCtC
n
+ =  

  	 (2)

where: TCm = total microalgae consumed in the morning 
count (cells.mL-1), TCt = total microalgae consumed in the 
afternoon count (cells.mL-1) and n = number of live clams.

At the end of each trial, the clams were blotted dry and 
L, H, W and DW were measured, and based on this data, 
the CF was estimated as described previously.

2.6. Histological assessment of gonads and analyses of 
hemocytes

To identify sex and gonadal maturation stage, 5 clams 
at the beginning and 5 at the end of trials II and III were 
sampled for histological analysis. The animals were fixed 
in 20% saline formalin until processing. The tissues were 
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3.3. Maintenance system validation trials

The mean values ​​of the water quality variables in the 
trials are presented in Table 2. The mean temperature 
ranged from 17.7 to 20.2  °C, while the salinity varied 
from 23.7 to 30.7. The mean concentrations of dissolved 
oxygen remained close to 7 mg.L−1. The concentrations 
of total ammonia and nitrite were relatively stable and 
with values in the ranges of 0.04-0.06 and 0.01-0.08 mg.
L−1, respectively. Nitrate concentrations remained below 
3.5 mg.L−1. Mean alkalinity levels were above 130 mg.L−1.

Although the estimate of the daily consumption of 
microalgae (Equation 2) differed between trials, it ranged 
from 1.0 x 103 cells.mL-1 to 3.0 x 103 cells.mL-1 per individual 
(Figure 3). In trial I, the consumption of the mixed diet 
(I. galbana and C. muelleri) ranged from 1.0 x 103 cells.mL-1 
to 2.5 x 103 cells.mL-1 per individual per day. The daily 
consumption of C. muelleri per individual clam ranged 
from 0.2 x 103 to 1.7 x 103 cells.mL-1 in trial II, while in 
trial III it varied between 0.75 x 103 to 2.4 x 103 cells.mL-1.

Most biometric parameters showed significant 
differences between trials (Table 1). The clams in trial II 
had significantly higher Li, Lf, Hi, Hf, Wi, Wf, DWi and DWf 
than the individuals in the other trials, and these same 
parameters were significantly higher in the individuals 
in trial III compared to those in trial I. On the other hand, 
CFi (Equation 1) was significantly higher in clams from 
trial I and II (p<0.0001 and H= 32.45), and clams in trial 
III had significantly higher CFf (Equation 1) (p=0.0014 and 
F= 6.867) than clams in trial I (Table 1).

were dug up at the end of the trial, they were found at 
the bottom of the sand layer, close to the screen. After the 
water was drained from the EUs, the sand was still moist, 
with no odour or dark spots. The survival of clams kept in 
the EUs was 100%, while only 16.7% of the clams dispersed 
at the bottom of the tank survived.

3.2. Preliminary trial 2: validation of tagging methodology

The tags combining a Pilot permanent ink marker for 
projectors with a layer of adhesive and also those with nail 
polish with a layer of adhesive were the ones that persisted 
the longest and showed the greatest visibility (Figure 2).

Figure 2. Yellow clams (Amarilladesma mactroides) numbered with a black permanent ink and a red nail polish covered with a 
bicomponent adhesive based on epoxy resin (Araldite) on the day that it was first marked (a and b) and after 10 days buried in the 
experimental maintenance system (c).

Table 2. Means (± SD) of the water quality variables in three maintenance trials of the yellow clam Amarilladesma mactroides under 
laboratory conditions for 14 days.

Trial I Trial II Trial III

Temperature (°C) 20.2 ± 0.3 20.0 ± 0.2 17.7 ± 1.6

Salinity 30.7 ± 0.7 29.6 ± 0.5 23.7 ± 1.3

pH 7.80 ± 0.24 7.71 ± 0.26 7.49 ± 0.14

Dissolved oxygen (mg.L-1) 7.35 ± 0.11 6.98 ± 0.14 7.77 ± 0.62

Total ammonia (mg.L-1) 0.04 ± 0.02 0.06 ± 0.05 0.05 ± 0.02

Nitrite (mg.L-1) 0.08 ± 0.05 0.05 ± 0.02 0.01 ± 0.01

Nitrate (mg.L-1) 3.16 ± 0.30 1.00 ± 1.34 2.79 ± 2.20

Alkalinity (mg.L-1) 150.0 ± 0.0 160.0 ± 10.0 130.0 ± 7.1

Figure 3. Mean daily consumption of microalgae (mixture of 
Isochrysis galbana and Chaetoceros muelleri on trial I or only C. 
muelleri on trial II and III) estimated for each individual (cells.mL−1.
clam−1) of yellow clam (Amarilladesma mactroides) in trials I, II and III.



Brazilian Journal of Biology, 2022, vol. 82, e2431686/10

Gauthier, N.B. et al.

the different populations of hemocytes were within normal 
limits as defined for this species by Santos et al. (2016).

The histological analyses indicated that at the beginning 
of trial II the gonads of female clams were totally spawned, 
but after 14 days in captivity they were found to be 
partially spawned (Figure 4a). A large number of free, 
round oocytes in the lumen surrounded by connective 
tissue as well as some mature polygonal oocytes could be 
observed (Figure 4b). The male clams were initially in a 
stage of sexual rest, but, after 14 days, as spermatogonia 
and mature sperm were simultaneously present, the 
gonads were classified as partially spawned. In trial III, 
the gonads of initially sampled females were in an early 
ripe stage, with a thick follicular wall, presence of mature 
polygonal oocytes and some immature oocytes adhered 
to the follicular wall, and an increase of empty spaces in 
the lumen (Figure 4c). After 14 days in captivity, females 
had ripe gonads, with a large number of free polygonal 
oocytes in the lumen (Figure 4d). Male clams were also 
found to have early ripe gonads at the beginning of the 

When biometric parameters were analyzed separately 
in each trial, significant increases in the height (H) of the 
clams were observed in trial I (Table 1, p = 0.000086), wet 
weight (W) in trial II (p = 0.0002) and the wet weight (W) 
and height (H) of clams in trial III (p < 0.0001, p = 0.0136, 
respectively). Significant increases in the condition factor 
(CF) of clams from trials II and III (Equation 1) were also 
detected (p= 0.0080, t=2.843 and p < 0.0001, t= 8.114, 
respectively).

Survival ranged from 71.8 to 88.3% (Table 1), and was not 
significantly different between trials (Chi-square = 2.9211 
and p = 0.23). As in preliminary trial I, no dark or odorous 
spots were observed in the sandy sediment at the end of 
any of the trials.

3.4. Histological assessment of gonads and analyses of 
hemocytes

Visual inspection of the clams showed no evidence 
of illness related to pathogens. The observation of the 
hemolymph slides indicated that the qualitative aspects of 

Figure 4. Histological sections of the tissues of yellow clam (Amarilladesma mactroides) sampled at the beginning and at the end of trial 
II (a, b) and trial III (c, d): (a) gonad of female clam with residual and immature oocytes in stage 6 (totally spawned) at the beginning 
of trial II; and (b) gonad of female clam in stage 5 (partially spawned) at the end of trial II, where it is possible to distinguish immature 
peduncular oocytes attached to the wall (IO), some free mature polygonal oocytes (MPO) and residual oocytes (RO); (c) gonad of female 
clam in stage 3 with immature (IO) and mature polygonal oocytes (MPO); (d) gonad of female clam stage 4, where several mature 
polygonal oocytes (MPO) may be observed.
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Proverbio et al., 2019; Santos et al., 2020). Furthermore, 
at the end of all trials no dark or odorous spots were 
observed in the sandy sediment layer of any of the EUs, 
indicating that these were properly oxygenated. All this 
confirms that the environmental conditions were adequate 
and, therefore, that the maintenance system and the 
management practices applied here seemed to be suitable 
for A. mactroides. As a result, survival rates in the three 
trials were high, ranging from 71.8 to 88.3%.

All yellow clams from trials I, II and III retained their 
tags after 14 days, confirming the feasibility of using 
either a permanent ink marker or nail polish covered by 
a thin layer of a quick-hardening adhesive. Thus, due to 
the greater ease of application, marking with a permanent 
marker and covering with a thin adhesive layer was 
considered the most appropriate method among those 
tested here. Further studies in our laboratory have shown 
that this methodology is also feasible for periods longer 
than 14 days (unpublished data). Proverbio et al. (2019) 
used numbered nylon tags as a tagging method for yellow 
clams. Although the tags remained intact after 6 days, 
clams were kept in aquaria with no substrate and hence 
the friction of tags with sand grains were not considered. 
The use of epoxy with tags for marking several species of 
freshwater mussels was recommended by Lemarié et al. 
(2000). These authors, however, found epoxy to be inferior 
to cyanoacrylate adhesives because the epoxy adhesive 
turned cloudy when immersed for less than 15 min and 
were easily abraded after drying. Although Hartmann et al. 
(2016) found similar results, they cited the risk of exposing 
bivalves to bisphenol A (BPA), an organic synthetic 
compound present in the epoxy resin. The effect of BPA 
can vary considerably among invertebrates, and molluscs 
appear to be quite sensitive to this compound (Canesi and 
Fabbri, 2015). Simas (2013) demonstrated that the exposure 
to low concentrations of BPA (5 and 20 μg.L-1) increased 
lipid damage in the digestive gland, gills and mantle of 
A. mactroides. Therefore, the use of cyanoacrylate seems 
to be a safer alternative to epoxy-based resin adhesive 
containing BPA in the tagging of A. mactroides.

It is well-known that the availability and quality of the 
algal diet provided to molluscs play a vital role in their 
growth and development (Utting and Millican, 1997; 
Helm et al., 2004; Gosling, 2015). In our trials, the supply 
of C. muelleri and/or I. galbana resulted in an estimated 
daily intake of 1.0 to 2.5 x 103 cell.mL-1 for each individual 
of A. mactroides. This somehow suggests that the feed 
management applied here was minimally adequate for 
the clams to survive and increase in size. Nevertheless, the 
provision of a diet containing two or more algal species 

trial. Unfortunately, there were no males among the clams 
sampled at the end of trial III.

The larger (DM) and smaller (dm) diameter of the 
oocytes were significantly larger in trial III than in II 
(Table 3). In trial II, both DM and dm were significantly 
larger at the end of the experimental period. In trial III, the 
dm were significantly larger at the end of the experimental 
period. On the other hand, despite the tendency of an 
increased DM at the end of the experimental period, 
this difference was only numerical, with no significant 
differences being detected.

4. Discussion

Despite the ecological importance and economic 
interest in the yellow clam A. mactroides (Coscarón, 1959; 
Defeo et al., 1989; Bergonci and Thome, 2008), studies that 
focus on the production of seeds of this species, particularly 
those related to the maintenance and management of 
broodstock under laboratory conditions, are practically 
non-existent (Proverbio et al., 2019; Santos et al., 2020). 
Thus, the first steps in this study were to develop a system 
and evaluate management practices that offer adequate 
conditions for maintaining this species in captivity. 
Results of pre-trial 1 demonstrate that the survival of the 
clams that remained buried was 100%, while only 16.7% 
of the clams dispersed in the bottom of the tank survived. 
This difference indicates the need to use a maintenance 
system that allows A. mactroides to remain buried in the 
sediment, which is somewhat in accordance with other 
studies on sand-burrowing clams. Proverbio et al. (2019) 
concluded that maintaining the yellow clam in an upright 
orientation significantly increased survival. Burying into 
the sediment and thus adopting their life position might 
facilitate some physiological processes such as filtration, 
feeding and respiration. Sassa et al. (2011) consider that 
the burrowing behaviour of bivalves in intertidal zones 
is a vital part of their main living activities and is as 
important as feeding and breeding. Spencer et al. (1991) 
state that the sediment is required by clams to maintain 
their position and keep their gills clean, while Helm et al. 
(2004) add that clams may feed more efficiently when kept 
in a suitable substrate. As a result, substrates are usually 
applied in the maintenance of adult clams in the laboratory 
(Helm et al., 2004; Ayerbe et al., 2018; Santos et al., 2020).

The water quality variables in the maintenance system 
remained relatively stable throughout the different 
experimental periods and, more importantly, were within 
the ranges recommended for bivalves (Helm et al., 2004) 
and specifically for A. mactroides (Carvalho et al., 2015; 

Table 3. Means (± SD) of the largest (DM) and smallest (dm) diameters of the oocytes of yellow clams (Amarilladesma mactroides) at 
the beginning and at the end of 14 days of laboratory maintenance in trials II and III.

Trial DMi DMf dmi dmf

II 27.62 ± 7.37Bb 32.26 ± 2.71Bª 20.31 ± 7.43Bb 27.04 ± 4.32Ba

III 40.82 ± 6.51Aa 44.17 ± 5.39Aa 31.71 ± 4.56Ab 36.37 ± 3.84Aa

Uppercase letters indicate significant differences between trials (Student t-test), while lowercase letters indicate significant differences between 
initial and final DM or dm in the same trial (one-way ANOVA).
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increases over time in the CF of clams from trials II and III. 
According to Aldrich and Crowley (1986), increases in CF are 
a good indicator for food reserve accumulation for gonadal 
development in bivalves. This is in line with our results, 
which had a significant increase in oocyte diameter as well 
as advanced stages of gonadal development observed for 
females from trials II and III, and males in trial II at the 
end of the experimental period.

In conclusion, an experimental system and management 
practices for the maintenance of the yellow clam in 
captivity were developed and tested with relative success. 
The maintenance of yellow clams in the laboratory for 
14 days promoted high survival and growth, but also an 
increase in condition factor, oocyte diameter and a relative 
advancement in terms of gonadal development. Whether 
this maintenance system and management practices 
will provide an adequate environment for the successful 
reproduction of A. mactroides held under laboratory 
conditions is an area of ongoing research.
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